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Specification , 

Heterojunction Organic Semiconductor Field Effect Transistor (FET) with a 
5 Gate Insulation Layer and Manufacturing Process Thereof 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a heterojunction organic semiconductor Field 
10 Effect Transistor (to be abbreviated as HJOSFET hereinafter, and the Field Effect 
Transistor is abbreviated as FET hereinafter) and manufacturing process thereof 
and, more particularly, to a HJOSFET with a gate insulation layer and manufacturing 
process thereof. 

2. Description of the Related Art 

15 In recent years, the research on organic semiconductor is exceptionally active. 

The performance of the organic FET is superior to that of the amorphous silicon thin 
film transistor (a-Si:H TFT). In particular, the mobility, of some organic micro- 
molecule oligomers (e.g. Pentacene, Tetracene, etc.) is over 1 (square centimeter 
per volt per second) at room temperature. So, the organic FET is potential in such 

20 practical applications as flexural integrated circuit, (to be abbreviated as 10 
hereinafter), active matrix display and so on. Generally, the conventional organic 
semiconductor material is of high resistance characteristic, and the conventional 
FET made of organic semiconductor works in the mode of accumulation type. In this 
mode, when the gate voltage is low, the output current of trie FET is low, as is called 

25 off-state; when the gate voltage is high, the output current of the FET is high, as is 
called on-state. So this kind of device is suitable for often working in the mode of 
off-state. However, a kind of depletion mode device often working in on-state is also 
needed in practical applications to realize low power waste, steady performance 
and simple structure in the logic circuit. The China Invention Patent Application 
• 30 No.021 29458.5 disclosed a sandwich-typed organic field effect transistor and 
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provided a process for manufacturing a new type of senniconductor by using two or. 
more organic semiconductor materials. With this method, the overall properties of 
the organic field effect transistor can be improved effectively, especially, the FET's 
threshold voltage can be decreased effectively. The present invention provides a 
5 process for manufacturing a new heterojunction semiconductor with two or more 
kinds of organic semiconductor materials. With this method, the device designed in 
the same structure as presented in Patent 02129458.5 can work in the depletion 
mode with low power waste, meanwhile, it can work in the mode of super inverse. 

10 SUMMARY OF THE INVENTION 

The objective of this invention is to provide a HJOSFET with an insulation layer 
of gate. 

Another objective of the invention is to provide a process for manufacturing 
FET. 

15 To achieve the objectives as mentioned above, according to one aspect of the 

invention, the present application provide a FET comprising: a substrate (1), a gate 
electrode (2) formed on the substrate (1), a gate insulation layer (3) formed on the 
substrate (1 ) and the gate electrode (2), a first semiconductor layer (4) formed on 
the gate insulation layer (3), a source/drain electrode (5) formed on the first 

20 semiconductor layer (4), and a second semiconductor layer (6) formed on the first 
semiconductor layer (4) and the source/drain electrode (5). 

According to another aspect of the present invention, it provides a process for 
manufacturing the FET, comprising the following steps: 

Step a. forming a gate electrode made of a conducting material on the 

25 substrate; 

Step b. forming an insulation layer ori the substrate and the gate electrode; 
Step c. forming the first semiconductor layer on the insulation layer formed in 
Step b; 

Step d. forming a source electrode and a drain electrode oh the first 
30 semiconductor layer; 
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Step e. forming the second semiconductor layer on the source electrode, the 
drain electrode and the first semiconductor layer. 

According to the present invention, the active semiconductor layer is made up of 
two or more kinds of materials. The present invention is characterized by that the 
5 active semiconductor layer contains a heterojunction. The built-in electric field of the 
heterojunction can keep the active layer's channel of FET, which is made of organic 
semiconductor with high resistance, in on-state. Thus, the FET working in depletion 
mode is obtained. 

According to one preferred embodiment, the semiconductor layer (4) and (6) 
10 are, respectively, comprised of one selected from the group consisting of CuPc, 
NiPc, ZnPc, CoPc, PtPc, H2PC, TiOPc, VOPc, thiophen oligomer, polythiophene. 
naphthacene, pentacene, perylene, perylene-3,4,9, 1 0-tetracarboxylic-3,4,9, 1 0- 
dianhydrlde (hereinafter to be abbreviated as PTCDA). fullerene, F^qCuPc, FieZnPc, 
F^gFePc and FiqCoPc. 

15 According to another preferred embodiment, the semiconductor layer (4) and 

(6) are, respectively, comprised of two or more selected from the group consisting of 
CuPc, NiPc, ZnPc, CoPc, PtPc, H2PC, TiOPc. VOPc, thiophen oligomer, 
polythiophene, naphthacene, pentacene, perylene, PTCDA, fullerene, F^eCuPc. 
FieZnPc, FieFePc and FigCoPc. 

20 Herein, "Pc" represents "phthalocyanine" and "Nc" represents 

"Naphthocyanine". 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the structure of an example of the present invention's FET. 
25 Figure 2 shows the output characteristic curve of the present FET (illustrated in 

Example 1) working in the hole-depletion mode. 

Figure 3 shows the output characteristic curve of the present FET (illustrated in 
Example 1) working in the hole-accumulation mode. 

Figure 4 shows the output characteristic curve of the present FET (illustrated in 
30 Example 4) working in the electron-depletion mode. 



- 3 - 



FP02088US ^ 

Figure 5 shows the output characteristic curve of the present FET (illustrated in 
Example 4) working in the electron-accumulation mode. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 The present invention will be described with reference to the accompanying 

drawings. 

Figure 1 illustrates the structure of the present depletion-typed FET. The 
conducting material layer Is set on the substrate (1) to form the gate electrode (2), 
the insulation material is set on the substrate and the gate electrode to form the gate 

10 insulation layer (3), the semiconductor material is set on the gate insulation layer to 
form the first semiconductor layer (4), the conducting material is set on the first 
semiconductor layer to form the source/drain electrode (5), and the semiconductor 
material is set on the first semiconductor layer (6) and the source/drain electrode (5) 
to form the second semiconductor layer together with the first semiconductor layer. 

15 According to the first embodiment of the present invention, the first 

semiconductor layer adopts the existing P-typed semiconductor CuPc, and the 
second semiconductor layer adopts the existing N-typed semiconductor FigCuPc. In 
the device, the first semiconductor layer contacted with the second semiconductor 
layer to form a heterojunction. The built-in electric field of the heterojunction 

20 obviously improves the horizontal conductivity of the active semiconductor layer, 
and the current between the source and drain electrode reaches microampere level 
under zero gate voltage. If a positive gate voltage is employed, the built-in electric 
field of the heterojunction will be decreased, and the current between the source 
and drain electrodes will be decreased. If additional positive gate voltage if further 

25 employed, the channel will be broke, the current between the source and the drain 
electrodes will be cut off and the FET will work at a typical hole-depletion working 
mode. On the contrary, if a negative gate voltage is employed, the built-in electric 
field of the heterojunction will be increased, and the current between the source and 
drain electrodes will be increased. If additional negative gate voltage is further 

30 employed, the current between the' source and the drain electrodes will be in the 
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saturated-state and in the on-state, and thus the FET will work in a typical hole- 
enhancement working mode. In this case, the FET holds the performance of strong 
output current. 

According to the second embodiment of the present invention, the first active 
5 semiconductor layer is compounded with the existing P-typed semiconductor H2PC, 
CuPc, ZnPc, CoPc, NiPc and CuPc, and the second active semiconductor layer 
adopts the existing N-typed FigCuPc. This device works in the mode of hole- 
depletion. 

According to the third embodiment of the present invention, the first active 

10 semiconductor layer is compounded with the existing P-typed semiconductor CuPc 
layer and the eutectic layer of CuPc and ZnPc, and the second active 
semiconductor layer adopts the existing N-typed semiconductor FigCuPc. This 
device works in the mode of hole-depletion. 

According to the fourth embodiment of the present invention, the first active 

15 semiconductor layer adopts the existing N-typed semiconductor F^gCuPc, and the 
second semiconductor layer adopts the existing P-typed semiconductor CuPc. In 
this device, the first semiconductor layer is contact with the second semiconductor 
layer to form a heterojunction. The built-in electric field of the heteroju notion 
obviously improves the horizontal conductivity of the active semiconductor layer, as 

20 a result, the current between the source and drain electrodes reaches microampere 
level under zero gate voltage. If a negative gate voltage is applied, the built-in 
electric field of the heterojunction will be decreased, the current between the source 
and drain electrodes will fall. If additional negative gate voltage is further applied, 
the channel will be broken, the current between the source and the drain electrodes 

25 will be in the off-state, and the FET will work in a typical electron-depletion working 
mode. If the applied negative gate voltage reaches -80 V, the current between the 
source and drain electrodes will be increased suddenly, now the FET will work in the 
hole-super-inverse working mode. On the contrary, if the gate is coupled in positive 
voltage, the built-in electric field of the heterojunction will be enhanced, and the 

30 current between the source and drain electrodes will increase. If further applying 
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positive gate voltage, the current between the source and the drain electrodes will 
be in the statu rated-state and on-state, now the FET will work in the typical 
electron-enhancement working mode. In this case, the FET holds the performance 
of strong output current. 
5 Now the present invention will be further illustrated with reference to the 

following examples. 
Example 1 : 

Copper phthalocyanine (CuPc), zih phthalocyanine (ZnPc), nickel 
phthalocyanine (NiPc), cobalt phthalocyanine (CoPc), H2PC, TiOPc, VOPc and 

10 F^eCuPc used in this example are commercial products, and they have been 
sublimated and purified before being used. 

On the 7059 glass substrate or the flexible plastic substrate 1, a film layer of 
metal Ta with about 200 nm in thickness was plated by using the radio frequency 
(RF) magnetism controlled sputtering method and shaped into the gate electrode 2 

15 by using the photolithography method. On the gate electrode, a film layer of Ta205 
with a thickness of about 100 nm was reactively sputterred as the gate insulation 
layer 3 by using direct current (DC) magnetism controlled sputtering method. Then 
depositing one selected from the group consisting of CuPc, ZnPc, NiPc, CoPc, H2PC, 
TiOPc and VOPc using the molecule vapor phase deposition method to prepare the 

20 first semiconductor layer 4 having a thickness of about 30 nm. Subsequently, using 
Au to prepare the source electrode and the drain electrode 5 with a thickness of 
about 30 nm. Finally, depositing FigCuPc using the molecule vapor phase 
deposition method to form the second active layer 6 having a thickness of 60nm. 
Figure 2 shows the output characteristic curve of the CuPc/F^eCuPc FET 

25 working in the hole-depletion mode. In Figure 2, the hole carrier mobility is 0.022 
cmW.s in the saturation region, the threshold voltage is 24V, and the switching 
current ratio is 2x10^. Figure 3 shows the output characteristic curve of the 
CuPc/FiqCuPc FET working in the hole-accumulation mode. 

Table 1 lists the performances of the organic semiconductor FET working in the 

30 hole-depletion mode, wherein, the mobility and the threshold voltage are 
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determined when Vq equals to 0 V. 
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15 Example 2: 

Copper phthalocyanine (CuPc), zin phthalocyanine (ZnPc), nickel 
phthalocyahine (NiPc), cobalt phthalocyanine (CoPc), H2PC, TiOPc, VOPc and 
FiqCuPc used in this example are commercial products, and they have been 
sublimated and purified before being used. 

20 On the 7059 glass substrate or the flexible plastic substrate 1, a film layer of 

metal Ta with about 200 nm in thickness was plated by using the RF magnetism 
controlled sputtering method and shaped into the gate electrode 2 with the 
'photolithography method. On the gate electrode, a film layer of Ta205 with a 
thickness of about 100 nm was reactively sputterred as the gate insulation layer 3 

25 by using direct current (DC) magnetism controlled sputtering method. Then 
depositing two selected from the group consisting of CuPc, ZnPc, NiPc, CoPc, H2PC, 
TiOPc and VOPc using the molecule vapor phase deposition method to prepare the 
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first semiconductor layer 4 having a thickness of about 30 nm. Subsequently, using 
Au to prepare the source electrode and the drain electrode 5 with a thickness of 
about 30 nm. Finally, depositing F^gCuPc using the molecule vapor phase 
deposition method to form the second active layer 6 having a thickness of 60nm. 
5 The first semiconductor layer is compounded with CuPc and ZnPc, and the 

second semiconductor layer is formed with FiqCuPc. In this case, the FET device 
works in the hole-depletion working mode, and its hole-carrier mobility in the 
saturation region is 0.02 cmW.s, its threshold voltage is 23V, and its current on/off 
ratio is 3x1 0^. 

10 Table 2 lists the performances of the organic semiconductor FET working in the 

hole-depletion mode, wherein, the mobility and the threshold voltage are 
determined when Vq equals to 0 V. 
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20 

Example 3: 

The products such as CuPc, ZnPC and F^eCuPc used in the present experiment 
are commercial products and have been sublimated and purified before being used. 

The FET device is prepared by the following method: plating a film layer of 
25 metal Ta with about 200 nm in thickness on the 7059 glass substrate or the flexible 
plastic substrate 1 using the RF magnetism controlled sputtering method and then 
shaping the film layer into the gate electrode 2 with the photolithography method; 
reactively sputtering on the gate electrode a film layer of Ta205 with a thickness of 
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about 100 nm as the gate insulation layer 3 by using direct current (DC) magnetism 
cohtrolled sputtering method; then, preparing the first semidconductor layer 4 by 
co-depositing CuPc and ZnPc with the total thickness of 5 nm following depositing a 
layer of CuPc with a thickness of 25 nm by using the molecule vapor phase 
5 deposition method; subsequently, preparing the source electrode and the drain 
electrode 5 of Au with a thickness of about 30 nm; finally, forming the second active 
layer 6 (FieCuPc) having a thickness of 60nm using the molecule vapor phase 
deposition method. 

This FET device worked in the hole-depletion mode, and its hole-carrier mobility 
10 in the saturation region is 0.02 cmW.s, its threshold voltage iis 32V. and its current 
on/off ratio is 3x1 0^. 

Example 4: 

The products such as CuPc, F^gCuPc, F^eZnPc, F^qFbPc and F^gCoPc used in 
15 this experiment are commercial products, and they have been sublimated and 
purified before being used. 

The FET device is prepared by the following method: plating a film layer of 
metal Ta with about 200 nm in thickness on the 7059 glass substrate or the flexible 
* plastic substrate 1 using the RF magnetism controlled sputtering method and then 
20 shaping the film layer into the gate electrode 2 with the photolithography method; 
reactively sputtering on the gate electrode a film layer of Ta205 with a thickness of 
about 100 nm as the gate insulation layer 3 by using direct current (DC) magnetism 
controlled sputtering method; then, preparing the first semidconductor layer 4 
(F^gCuPc) with a thickness of 30 nm using the molecule vapor phase deposition 
25 method; subsequently, preparing the source electrode and the drain electrode 5 of 
Au with a thickness of about 30 nm; finally, forming the second active layer 6 (CuPc) 
having a thickness of 60nm using the molecule vapor phase deposition method. 

The F^eCuPc/CuPc FET works in the electron-depletion mode. In this case, the 
FET's hole-carrier mobility in the saturation region is 0.015 cmW.s, its threshold 
30 voltage is -25V, and its current on/off ratio is 350. The FiqCuPc/CuPc FET also can 
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work in the hole-accumulation mode. In this case, when the gate voltage reaches - 
80 V, super-inverse hole-layer will appear. 

Table 3 lists the performances of the organic semiconductor FET working in the 
electron-depletion mode, wherein, the mobility and threshold voltage are 
5 determined when equals to 0 V. 
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The present invention has been described by way of the above examples. The 
15 present invention is not limited to the modes described in the respective examples 
but naturally includes various other modes according to the principle of the present 
invention. In general, the FET according to the present invention can be processed 
to the elements of the 2D and 3D integrated devices. These integrated devices can 
be applied in flexible IC, the active matrix display and the like. The FET according to 
20 the present invention can be processed at low .temperature. Besides the traditional 
photolithography, many methods such as softlithography, printing and the like can 
be used to prepare the FET of the present invention. 
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